Abstract Adaptation to climate change is becoming a prominent issue in both landscape research and landuse planning. Current research focuses mainly on the description of potential impacts for different societal sectors and in general fails to provide useful information to help define climate adaptation strategies and specific policy measures or development plans. This editorial briefly explores the reasons why this may be the case and proposes a conceptual framework for more effective climate adaptation research. Furthermore, it introduces three papers that address adaptation of landscape systems to climate change as an integrated multi-level challenge. The included papers focus on the relationship between climate-induced changes in the natural system and the economicsoriented societal system and specifically address the interdependencies across scales.
Temperature increase, changing precipitation patterns and more severe weather extremes, as predicted during climate change, have a wide impact on ecological processes in landscapes. People respond to these changes by considering to adapt land use and spatial structure of landscapes. Flood protection measures, for example, require more space in low-lying coastal regions and along rivers where flooding is likely to become more frequent (Aerts et al. 2011) . Adaptation measures are also appropriate in upstream parts of river catchments to increase the potential of the landscape for water retention (Begum et al. 2007 ). Climate change may also affect agricultural systems through water shortages, higher temperatures and salinization (Olesen et al. 2002; Reidsma et al. 2009 ). Climate change impacts on biodiversity call for larger protected areas, enhanced spatial heterogeneity and more connectivity (Vos et al. 2008; Mawdsley et al. 2009 ). Such adaptation measures, which often demand more space for sectorial aims, have to be realized in an era with expanding urban populations that claim more space for residences, employment and recreation, whilst simultaneously attributing great value to ecosystem and landscape services associated with agricultural and natural landscapes (Van der Heide and Heijman 2012). This extensive set of competing spatial claims causes land-use conflicts, but also creates opportunities for landscape redevelopment. However, creating a common vision on how landscapes could spatially be adapted to cope with climate change is a complex challenge. This is not only due to the many different views on the nature and urgency of the problems among stakeholders, but also due to the high degree of uncertainty in future climatic and societal conditions and poorly understood feedbacks between these systems.
Climate adaptation research
While climate change is a global phenomenon with regionally variable patterns, adaptation is implemented at the local scale, as part of current land development plans (Tompkins et al. 2010; Preston et al. 2011) . In searching for opportunities to create synergies between economically or environmentally driven land-use change and climate-proofing needs, actors involved in local spatial planning need a clear view on the ecological, economic and societal values that are impacted by changing climatic conditions. Such potential impacts have been described for many sectors separately, but these descriptions only offered a small contribution to the definition of climate adaptation strategies and specific policy measures or development plans (Preston et al. 2011 ). This failure of science to provide useful information may partly be due to: 1) the predominantly technological approaches and science-driven modelling that poorly match the societal context of land development; 2) the sectorspecific focus neglecting effects of adaptation measures to other land use sectors; and 3) the large level of scale that is not recognized as relevant by local stakeholders. We strongly believe that climate adaptation research can only be relevant to actual planning and development when it: 1) applies a decision makers focus on the analysis of impacts, the presentation of results and suggestion of alternative strategies; 2) offers an integrated view on the landscape system and the changes it faces in climatic conditions, biophysical and socio-economic processes; and 3) addresses multiple scale levels (both in the social and the physical system) and the links between them. Figure 1 illustrates this conceptual framework: in order to develop climate adaptation measures a decision maker should receive information on how changes in climatic conditions affect the bio-physical and socio-economic processes that comprise the landscape system. This assessment of changes in the landscape system should incorporate the relationships between different processes, acknowledge that processes act differently at different scale levels and address cross-scale linkages.
Layout special section
This special section contains research presented at the Deltas in Times of Climate Change conference in September 2010 in Rotterdam, The Netherlands. It addresses adaptation of landscape systems to climate change as an integrated multi-level challenge. The relationship between climate-induced changes in the natural system and the economics-oriented societal system is put central. All studies have in common that they specifically address the interdependencies across scales, yet their geographic and policy context is different. Subsequently, the following issues come along: informing about scale interactions for multilevel governance; informing about trade-offs in a multi-level context; scale global insights down to local level where landowners make decisions (an example of farms); and interactive visualisation tools to support the design of solutions at the local level. Verburg and others (2012) explore how European Union policy alternatives may affect flood risk, carbon sequestration, habitat connectivity and biodiversity at the local level in the 27 member states of the European Union. Their integrated analysis is able to assess synergies and trade-offs between different policy ambitions. It emphasizes that large scale policy may have very different implications at the local level resulting from the strong local variation in the land-use patterns. This modelling framework is particularly useful for supranational authorities and currently in use by the European Commission.
The work of Pettit and others (2012) highlights the importance of presenting information in a way that enhances collaborative processes of understanding and framing the problem resulting from climate change. Their work is relevant to decision makers, planners and communities at a range of scales and stages in the planning cycle. They present the initial development of a multi-scale visualisation toolkit for use in climate change response that was applied in Australia at scales ranging from global to local. Their local work, for example, explores adaptation options for local dairy farmers in south west Victoria. Mandryk and colleagues (2012) have developed scenarios of farm structural change for application in climate change assessments. Starting from global and European scenarios of climate change and considering changes in other societal driving forces as well they quantitatively characterise typical future farms in the Flevoland region of The Netherlands. Their approach relies on the input of local stakeholders (e.g. farmers and local policy makers) and the resulting sketches of potential future farm characteristics can help them prepare for upcoming climatic and other changes.
